Purpose: To compare health-related quality of life (HRQOL) of high-dose-rate brachytherapy (HDRB) versus low dose-rate brachytherapy (LDRB) for localized prostate cancer in a multiinstitutional phase 2 randomized trial. Methods and Materials: Men with favorable-risk prostate cancer were randomized between monotherapy brachytherapy with either Iodine-125 LDRB to 144 Gy or single-fraction Iridium-192 HDRB to 19 Gy. HRQOL and urinary toxicity were recorded at baseline and at 1, 3, 6, and 12 months using the Expanded Prostate Cancer Index Composite (EPIC)-26 scoring and the International Prostate Symptom Score (IPSS). Independent samples t test and mixed effects modeling were performed for continuous variables. Time to IPSS resolution, defined as return to its baseline score AE5 points, was calculated using Kaplan-Meier estimator curves with the log-rank test. A multiple-comparison adjusted P value of .05 was considered significant.
Introduction
Low-dose-rate brachytherapy (LDRB) using a permanent seed implant is an effective definitive treatment for patients with localized low-risk and favorable intermediate-risk prostate cancer 1-6 with a prostatespecific antigen (PSA) progression-free survival (PFS) as high as 90% to 95% at 5 to 10 years. 4, 5, 7 The results of the NRG Oncology/Radiation Therapy Oncology Group 0232 study were presented at the American Society for Radiation Oncology in 2016; the addition of external beam radiation therapy (EBRT) to LDRB did not result in improved PFS in a phase 3 randomized trial, 8 suggesting that LDRB as monotherapy is an effective treatment in low-risk and favorable intermediate-risk prostate cancer.
High-dose-rate brachytherapy (HDRB) as a single modality is emerging as an alternative to LDRB with excellent outcomes as reported by retrospective and phase 2 studies. [9] [10] [11] [12] Common problems associated with permanent seeds implant include discrepancy between planned and actual seed distribution, inability to correct seed position or to optimize the dose delivered once the seeds are in place, 10 seed migration, 13 and prostate volume changes during treatment, all of which are not relevant in HDRB. The main disadvantages of HDRB are monitoring and adjustment of catheters, inter-and intrafraction motion, and requirement for catheter and template fixation and locoregional anesthesia (spinal or epidural) if computed tomography (CT)-based planning is performed. 10 Because a single radioactive source is used for many treatments, HDRB can be deployed in a cost-effective manner. 10 Many studies have shown the feasibility and efficacy of HDRB as monotherapy in patients with intermediate risk-prostate cancer with 3-to 5-year PSA PFS as high as 88% to 100% for intermediate-risk prostate cancer at a median follow-up of 3 to 5 years. [9] [10] [11] [14] [15] [16] Most of the longer-term efficacy data involve delivery of HDRB monotherapy in !4 fractions with more than 93% biochemical control at 5 years. 11, 14, 17 To mimic the LDR experience by increasing patient convenience and avoiding hospitalization and immobilization, less-fractionated regimens with similar efficacy are emerging, although the follow-up is relatively short (1.6-4.4 years). 9, 15, [18] [19] [20] HDRB as monotherapy was associated with decreased acute and late genitourinary toxicity rates compared with LDRB. 9, 14, 21 Grills et al compared LDRB using Palladium-103 to HDR brachytherapy alone and found a significantly lower rate of acute grade 1 to 3 dysuria (67% vs 36%, P < .001) and urinary frequency/urgency (92% vs 54%, P < .001). 21 Late grade 2 toxicity ranges between 2% and 10% and late grade 3 toxicity between 0% and 4%, 9, 11, 15, 22 lower than rates reported in LDRB. 4, 8, 23 A recent retrospective study compared HDRB monotherapy to LDRB with or without EBRT for localized prostate cancer. The authors reported similar PSA control rates at 5 years. As for toxicity, higher rate of grade !2 acute urinary toxicity was found in the LDRB (43%) group compared with the HDRB monotherapy group (12.3%, P < .0001). However, no difference was found in late grade !2 urinary toxicities between the 2 groups. 12 A quality of life (QoL) study showed a return to baseline International Prostate Symptom Score (IPSS) levels at 12 weeks with HDRB, 24 which is significantly quicker than with LDRB (for which return to baseline scores can take up to 12 months).
HDRB monotherapy is therefore a promising new treatment modality for patients with favorable-risk prostate cancer. It appears less toxic in the urinary domain and equivalent in terms of tumor control. To establish the role of HDRB as monotherapy, we conducted a pilot phase 2 randomized study evaluating the differences in healthrelated QoL (HRQOL) in the urinary domain between LDRB and HDRB as primary objective. Local tumor control and biochemical failure will be evaluated as secondary objectives with a repeat prostate biopsy at 36 months and serial PSA measurements, respectively, once adequate follow-up has been reached.
Methods and Materials

Study design
This is a phase 2, multi-institutional, randomized pilot study comparing LDRB using Iodine-125 seed implant to a total dose of 144 Gy against HDRB single-fraction 19-Gy monotherapy in patients with low-and favorable intermediate-risk prostate cancer. The clinical trial was registered on ClinicalTrials.gov (NCT02628041) and approved by the 3 participating institutions' research ethics boards.
Study objectives
The specific goals of the pilot study were the following:
1. Accrual of 30 patients across 3 institutions in <12 months 2. Complete follow-up in at least 90% of all accrued patients 3. Less than 5% of major deviations on dose-volume constraints 4. At least 80% compliance in filling out HRQOL questionnaires
The pilot study was deemed successful if all those criteria were met.
The primary objective was to evaluate the differences in HRQOL in the urinary domain between patients treated with LDRB and HDRB at 3 months using the Expanded Prostate Cancer Index Composite (EPIC)-26 short form. 25 The 3-month cut-off was chosen as the primary endpoint based on several studies revealing peak urinary symptoms at 3 to 6 months. [26] [27] [28] [29] [30] [31] [32] The EPIC score is the most used HRQOL instrument; it has been validated in men with prostate cancer 33 and shown to be a robust tool with good psychometrics. [34] [35] [36] The validated French version of the EPIC was used in French-Canadian patients. 37 Secondary objectives were to compare HRQOL in the urinary, bowel, and sexual domains to evaluate differences in urinary function using the IPSS and to determine the time to IPSS resolution.
Selection criteria
Eligible patients had histologically confirmed adenocarcinoma of the prostate, clinical stage T1c-T2c, with a Gleason score 7 (3 þ 4) and a PSA level <20 ng/mL. All patients had to be medically fit for brachytherapy with a prostate volume 60 mL as determined by ultrasound, CT, or magnetic resonance imaging and pretreatment IPSS 20. Informed consent was obtained from all patients. Exclusion criteria were clinical stage T3-T4, Gleason 7 (4 þ 3), PSA >20 ng/mL, evidence of nodal or distant metastases, previous pelvic radiation therapy, previous transurethral resection of the prostate, use of androgen deprivation therapy, and connective tissue or inflammatory bowel disease. Subjects were randomized to 1 of the 2 treatment arms using block randomization. The use of a reductase inhibitors was not allowed within 2 weeks of randomization and use after the procedure was not regulated. A washout period of 2 weeks was required before randomization.
Baseline evaluation included a physical examination with digital rectal exam and performance status, pretreatment PSA, assessment of baseline toxicity using Common Terminology Criteria for Adverse Events (CTCAE) version 4.0, and completion of the IPSS and EPIC-26 questionnaires. 25 
Treatment
The implant procedure was done under spinal, epidural, or general anesthesia in the lithotomy position. The urethra was identified with a Foley catheter or aerated gel urethrogram.
Low-dose-rate brachytherapy
LDRB preplanning and intraoperative planning techniques were performed using Iodine-125 loose or stranded seeds to a total dose of 144 Gy under transrectal ultrasound (TRUS) as per institutional standards. [38] [39] [40] The planning target volume (PTV) was defined as the prostate plus a 0 to 3 mm uniform margin. The optimized plan covered the PTV with a minimal peripheral dose of 144 Gy. The prostate volume receiving 150% (V150) and 200% (V200) of the prescription dose were to cover less than two-thirds and one-third of prostate volume, respectively. The urethra V150 was planned to be 0 mL. A CT scan was performed 30 days (D30) after the implant to evaluate implant quality and dosimetry. The prostate and rectum from the anal verge to the rectosigmoid junction were contoured and seed localization was performed. The dosimetry 30 days after the implant was considered satisfactory if the radiation dose delivered to 90% of the prostate volume (D90) was !130 Gy. 41 
High-dose-rate brachytherapy
Afterloading needles were placed under TRUS guidance. CT-or ultrasound-based brachytherapy treatment planning was performed as per institutional standards. The PTV was defined as the prostate gland. The rectum, bladder (for CT-based brachytherapy), and urethra were contoured. The prescription dose was 19 Gy in a single fraction. The dosimetry objectives were the following:
Patient follow-up
Patients were assessed before treatment and after the procedure at 1, 3, 6, and 12 months. The EPIC-26, IPSS, and physician-reported toxicities using the CTCAE version 4 were obtained at each visit. PSA measurements were performed at baseline and every 3 months after the procedure.
Sample size
Given the lack of previous studies directly comparing LDRB and HDRB as monotherapy, power computations were completed by estimating expected effect sizes based on published data testing similar treatment protocols. Studies evaluating QoL for patients treated with EBRT and HDRB were used as a surrogate for sample size calculation. Six studies investigating the effect of LDRB 26, 29, 32 and EBRT plus HDRB boost 27,30,31 on urinary function, using the urinary domain of the EPIC instrument as an outcome, were selected. Raw change scores from baseline were calculated and converted to effect sizes (d ), which were weighted using the study sample size and averaged by treatment modality (LDRB vs HDRB þ EBRT). Results suggest that LDRB is associated with a large reduction in QoL related to urinary functioning (d Z À0.81) at 3-month follow-up in comparison with HDR þ EBRT (d Z À0. 19) . Power computations using G*Power 3.1 software, a 2-tailed 5% a, and a standard 80% power level revealed that a total sample of 84 patients would be needed to detect these between-groups differences (À0.81 vs À0.19 Z 0.62). With an anticipated attrition rate of 30% at 3 months (attrition rate range of 22%-33% in the 6 trials), our calculations indicate that a planned sample size of 84/(1 e 0.3) Z 120 patients would be sufficient to detect the smaller toxicity of HDRB compared with LDRB on urinary functioning as assessed with EPIC at 3-month follow-up.
The study served as a pilot for the elaboration and conduct of the large ongoing Canadian Cancer Trials Group PR-19.
The primary endpoint of the large-scale trial is biochemical control; HRQOL is a secondary endpoint. The pilot trial was already enrolling when the decision was made to make local control the primary endpoint for the large-scale study.
Statistical analysis
Independent 2-sample t tests were performed for comparison of continuous variables (EPIC and IPSS) between the 2 treatment arms. The effects of treatment on repeated measurements of these continuous variables were assessed using mixed effects modeling. Estimator functions of time to IPSS resolution, defined as return to baseline score AE5, points was calculated using the Kaplan-Meier method and compared between covariate subgroups using the log-rank test. A multiple-comparison (FDR) adjusted P value of .05 was considered significant. Treatment characteristics were also assessed using 2sample t tests as appropriate. The associations between toxicities and treatment characteristics were evaluated using logistic regressions. CTCAE grade 0 or 1 was considered no toxicity, and toxicity was considered as grade !2. R version 3.3.2 2016 was used for the analyses.
Results
Between December 2015 and December 2016, 31 patients met the eligibility criteria and were randomized across 3 centers. The pilot study was deemed successful because all the specific pilot study goals (accrual, followup, major dose-volume histogram deviations, and compliance in filling out questionnaires) were met.
The patients' characteristics are described in Table 1 . Median age at treatment was 64 years. LDRB was delivered to 15 patients and HDRB to 16 patients. The median baseline scores of IPSS and mean baseline scores of EPIC urinary incontinence, EPIC urinary irritative, EPIC bowel habits, and EPIC sexual function were not significantly different between groups. The prostate volume was significantly higher for the HDRB group compared to the LDRB group (median, 54.3 vs 40.7 mL; P Z .016), whereas the number of needles was significantly lower (median, 17 vs 21; P Z .0002). The treatment characteristics for LDRB and HDRB are detailed in Tables 2 and 3 , respectively. TRUS-based treatment planning was exclusively used in all LDRB cases. In HDRB cases, TRUS-based treatment planning was used in 8 patients, and CT-based treatment planning was used in the remaining 8 patients as per institutional standard.
At 3 months, patients treated with LDRB had a higher IPSS score (median, 14 vs 5 respectively; adjusted P Z .001) and lower EPIC urinary irritative score (mean, 69.2 vs 85.3 respectively; adjusted P Z .037) compared with patients who received HDRB. On repeated measures at 1, 3, 6, and 12 months, the IPSS (P Z .003) and EPIC urinary irritative scores (P Z .011) were significantly better in the HDR arm, translating into a lower urinary toxicity profile, as shown in Figure 1 . There were no significant differences in the EPIC urinary incontinence, sexual function, or bowel habits scores between the 2 groups at any measured time point. Time to IPSS resolution was significantly shorter in the HDRB group (median, 2 months) compared with the LDRB group (median, 6 months; P Z .028; Fig 2) . As for the physician-reported grade !2 toxicities using CTCAE version 4, no significant difference was found between the 2 treatment arms in regard to urinary, bowel, and sexual toxicities. The grade !2 urinary toxicity rates of LDRB and HDRB at different time points are detailed in Table 4 . No grade 3 toxicity was reported.
Discussion
Increasing evidence supports the use of HDRB as monotherapy in localized prostate cancer. Indeed, HDRB offers many advantages over LDRB: It allows optimization of both source dwell times and positions, providing better target coverage while sparing the normal tissue, and limits radiation exposure for the patient and the staff. 10 HDRB is generally considered to have less acute and late urinary toxicity compared to LDRB. 9, 14, 21 Indeed, the results of our study revealed improved HRQOL scores with HDBR in the acute and long-term setting compared with LDRB. A total of 31 patients were enrolled and treated with either LDRB or single-fraction 19-Gy HDRB. No differences in patients' characteristics were reported in the 2 arms. The prostate volume at the time of brachytherapy was significantly higher in the HDRB group (median, 54.3 vs 40.7 mL; P Z .016), which could be explained by the heterogeneity in the brachytherapy imaging modality used considering prostate volume is better defined on TRUS. 42 TRUS-based treatment planning was exclusively used in all LDRB cases, whereas both TRUS-and CT-based treatment planning was used for HDRB as per institutional standard. In HDRB cases, TRUS-based treatment planning was used in 8 patients, and CT- Figure 1 Health-related quality of life differences between low dose-rate brachytherapy and high-dose rate brachytherapy. based treatment planning was used in the remaining 8 patients as per institutional standard. In HDRB, prostate volume is not a limiting factor as long as the dosimetric constraints are achieved. 43 The number of needles used for LDRB was higher than in HDRB, which is inherent to the LDRB technique.
HDRB was associated with improved EPIC urinary irritative and IPSS scores at 3 months (P Z .037 and P Z .003, respectively) and on repeated measures at 1, 3, 6, and 12 months (P Z .019 and P Z .003, respectively). There were no significant differences in the EPIC urinary incontinence, sexual function, or bowel habits scores between the 2 groups at any measured time point. Time to IPSS resolution was significantly shorter in the HDRB group (mean, 2.0 months) compared with the LDRB group (mean, 6.0 months; P Z .028). Acute urinary toxicity is not trivial; presence of acute urinary toxicity in patients treated with LDRB has been correlated with late urinary toxicity 44 and was associated with decreased QoL, leading to increased psychologic distress. 45 Acute urinary retention after prostate brachytherapy can lead to several side effects, such as prolonged catheterization, urethral and suprapubic pain, bleeding, loss of dignity, loss of job or absence from school, lack of sexual intercourse, pericatheter leakage of urine, and recurrent urinary tract infection. 46 The management of urinary obstruction ranges from ablockade to prolonged catheterization and surgical intervention, including transurethral resection of the prostate, the latter resulting in diminished QoL. 47, 48 The psychologic and emotional burden of acute urinary retention and catheterization significantly influenced health-related QoL. 49 When evaluating the dosimetric characteristics of LDRB compared with HDRB, dose distributions were much more homogeneous, and both urethra and rectum received significantly less dose in patients treated with the HDR technique in a randomized controlled trial. 50 Furthermore, the dose to the bladder neck, which has been shown to correlate with grade !2 acute and late urinary toxicity in patients treated with LDRB, 23 could be significantly reduced with HDRB. In addition, the dose and duration of radiation delivery have a significant impact on toxicity. Indeed, the higher dose delivered with LDRB and the long duration of treatment (5 half-lives of Iodine-125 is 300 days) could explain why the return to baseline urinary toxicity can take up to 12 months. 44 A phase 2 randomized study was presented at the European Society for Radiotherapy and Oncology 2018, reporting on the acute toxicity of LDRB vs HDRB. 51 A total of 100 patients were randomized between LDRB to 145 Gy and single-fraction HDRB of 19 Gy and 21 Gy in 48 and 2 patients, respectively. After a median follow-up of 23 months, 4 patients had a biochemical relapse with local failure, 2 patients in each arm. Acute grade 2 and grade 3 genitourinary toxicity occurred in 26% and 72% (P < .001) and 2% and 4% of patients treated with HDRB and LDRB, respectively. 51 In contrast, grade 2 urinary, bowel, and sexual toxicities were lower in both arms; no difference was found between the 2 treatment arms, and no grade 3 or 4 toxicity was reported in our present study. As for the mean IPSS at 3 months, it was significantly lower in the HDRB arm (8.9 vs 15.9, P Z .0004), although this difference disappeared at 12 months in the latter study. 51 In our study, the IPSS was significantly lower in the HDRB group at all time points, including the 12-month mark.
Morton et al reported the clinical outcomes of 13.5 Â 2 fractions and 19-Gy single-fraction HDRB. 52 During the first year, the 2-fraction arm had a higher occurrence of grade 2 erectile dysfunction and higher IPSS scores. The mean EPIC urinary and sexual scores were significantly lower in the 2-fraction arm, suggesting that 19-Gy singlefraction treatment is associated with reduced urinary and sexual toxicities in the first year. Eight of 87 patients developed biopsy-proven local recurrence with minimal treatment effect at a median time of 36 months, and most patients had more aggressive (Gleason 4 pattern) disease on repeat posttreatment biopsy. The mean dose at the recurrence site was 29.1 Gy, and the dose to 98% and to 90% of the recurrence was 21.6 Gy and 23.2 Gy, respectively.
The 5-year outcomes of 19-Gy single-fraction HDRB were recently presented at the American Brachytherapy Society. A total of 68 patients with low-and intermediaterisk prostate cancer were treated with 19-Gy HDRB at a single institution. After a median follow-up of 3.9 years, acute and late grade 2 genitourinary toxicity rates were 11.8% and 14.7% with no grade 3 toxicity. The 5-year biochemical control and cause-specific survival rates were 73.9% and 100%, respectively. Local failure proven by biopsy was 19%, occurring at a median interval of 3.9 years. 53 The most mature data on the efficacy of 19-Gy singlefraction HDRB were reported by Prada et al. After a median follow-up of 6 years, the overall survival, tumorfree survival, and actuarial biochemical control were 90%, 88%, and 66%, respectively. 54 The rationale behind using a single-fraction treatment is to avoid the HDRB drawbacks of hospitalization and needle displacement and to promote patient convenience. As for the optimal single-fraction dose, 19 Gy seems to be well tolerated, and doses !20 Gy have been shown to significantly increase toxicity. 55 The biological effective dose using an a/b ratio of 1.5 of 19-Gy singlefraction HDRB is 260 Gy, 56 which was shown to produce at least the same benefit as that given by the 4 Â 9.5 Gy and 2 Â 13.5 Gy schemes 57, 58 and to correspond biologically to approximately 90 Gy administered at 2 Gy/fraction. 15 Despite the low toxicity rates, the biochemical and local failure rates are concerning and call into question the efficacy of 19-Gy single-fraction HDRB. These troubling results represent the experience of single institutions with a relatively small number of patients. As for the survival outcomes of this study, local and biochemical control will be assessed with a repeat biopsy at 36 months and serial PSA measurements once adequate follow-up is reached.
This study served as the pilot study for the CCTG phase 2 trial evaluating prostate cancer control defined as absolute PSA nadir at 48 months of LDRB and HDRB (NCT02960087). To overcome the poor clinical outcomes so far reported with 19-Gy single-fraction HDR, the CCTG trial required a mandatory dose escalation to 120% to 150% of the prescription dose to the dominant intraprostatic lesion defined on magnetic resonance imaging. 58 The trial is currently enrolling patients across numerous Canadian institutions and will provide robust evidence on the clinical outcomes of 19-Gy singlefraction HDRB.
Conclusions
Single-fraction 19-Gy HDRB is less toxic in the first year with better HRQOL compared with LDRB in men with favorable-risk prostate cancer. While waiting for the results of the CCTG phase 2 trial, this study provides preliminary data on the toxicity and HRQOL of 19-Gy single-fraction HDRB. Repeat biopsy at 36 months and absolute PSA nadir will be reported after adequate followup, providing short-term tumor control outcomes. The authors recommend abstaining from delivering 19-Gy single-fraction HDRB outside the context of a clinical trial.
